IMPORTANCE Powered intracapsular tonsillectomy and adenoidectomy (PITA) is an increasingly common pediatric procedure. Few studies have examined its effectiveness in children with severe obstructive sleep apnea (OSA).
S leep-disordered breathing is common in the pediatric population, affecting approximately 12% of children. It is defined by an abnormal respiratory pattern during sleep and includes a spectrum of disorders ranging from mouth breathing and snoring to obstructive sleep apnea (OSA). 1 Obstructive sleep apnea affects 1.2% to 5.7% of children, 2 and as many as 40% of children referred to a sleep clinic or otolaryngologist for evaluation of sleep-disordered breathing will be diagnosed as having OSA. 3, 4 Adenotonsillar hypertrophy is the most common risk factor associated with pediatric OSA. Other risk factors include obesity, craniofacial syndromes, and neuromuscular disorders. 2 Untreated OSA is associated with various comorbidities, including neurocognitive disturbances, behavior problems, cardiovascular disorders, failure to thrive, and systemic inflammation. 2, [5] [6] [7] Polysomnography is considered the criterion standard for diagnosing and quantifying OSA in children. 1 Severity of OSA is graded based on the apnea-hypopnea index (AHI) and the oxygen saturation nadir. Mild OSA is defined as an AHI greater than 1 but 5 or less, moderate OSA as an AHI greater than 5 but 10 or less, and severe OSA as an AHI greater than 10 or an oxygen saturation nadir less than 80%. 7 Dysfunction in neuromotor control is thought to be the underlying cause of airway collapse during sleep but is further exacerbated by airway narrowing associated with adenotonsillar hypertrophy. 7, 8 Enlarged upper airway tissues cause anatomical impingement of the upper airway and increase pharyngeal resistance, resulting in further episodic airway narrowing and collapse. The American Academy of Pediatrics recommends adenotonsillectomy as the first line of treatment for OSA in children with adenotonsillar hypertrophy. 2 In the United States, 530 000 cases of tonsillectomy with or without adenoidectomy are performed annually, making it the second most common ambulatory procedure performed in children 15 years and younger. 9 Tonsillectomy is performed using various techniques. Traditional tonsillectomy is accomplished via sharp dissection or monopolar electrocautery to completely excise the tonsil with its surrounding capsule. In 2002, Koltai et al 10 first described intracapsular tonsillectomy using a powered microdebrider, whereby the bulk of the tonsil tissue is removed while a small rim of tonsil tissue and the tonsillar capsule is preserved. Powered intracapsular tonsillectomy and adenoidectomy (PITA) is an effective technique for treatment of OSA in children. Studies revealed a reduction in postoperative AHI 3 along with less postoperative pain and faster resumption of normal diet and activity compared with the traditional tonsillectomy using an electrocautery technique. [11] [12] [13] [14] [15] Children undergoing PITA have lower rates of postoperative bleeding and readmission for dehydration compared with those undergoing traditional tonsillectomy. 16 Adenotonsillectomy improves OSA in most children; however, abnormal postoperative polysomnographic studies [17] [18] [19] [20] have been reported in approximately 20% to 40% of cases. A severely elevated preoperative AHI is the most frequently reported risk factor for persistent elevation of AHI after tonsillectomy. Age, body mass index (calculated as weight in kilograms divided by height in meters squared), and presence of asthma (in nonobese children) are other reported risk factors. 5, 18, 19 A paucity of literature exists on the outcomes of PITA in patients with severe OSA. The current study aimed to assess the effectiveness of PITA in patients with severe OSA using preoperative and postoperative polysomnographic parameters.
Methods
This retrospective cohort study (cases only) received Nemours Institutional Review Board approval before it was conducted. A sample of children who underwent intracapsular adenotonsillectomy for severe OSA from January 1, 2010, through December 31, 2014, was reviewed. A database of children who underwent polysomnography was searched for those who had severe OSA diagnosed by preoperative polysomnography, underwent PITA, and underwent postoperative polysomnography. Severe OSA was defined as an AHI greater than 10 or a nadir oxygen saturation level less than 80%. Intracapsular tonsillectomy involved removing approximately 90% of the tonsillar tissue via microdebrider, leaving the capsule intact. Suction electrocautery was then used to ablate the remaining tissue and to obtain hemostasis. Adenoidectomy was performed using suction electrocautery. Demographic data collected included age at the time of surgery, sex, comorbidities, and body mass index. The following polysomnographic parameters were collected preoperatively and postoperatively: AHI, obstructive apnea index (OAI), obstructive AHI (OAHI), arousal index, mean and nadir oxygen saturation levels, oxygen desaturation index of 4% or higher, mean and maximum end-tidal carbon dioxide (ETCO 2 ) levels, percentage of total sleep time (TST) with an ETCO 2 level of 50 mm Hg or higher, time with an ETCO 2 level of 55 mm Hg or longer, and percentage of TST spent snoring.
Preoperative and postoperative polysomnographic parameters were compared using a paired t test. A univariable analysis was then performed using the correlated t test and Wilcoxon rank sum test to evaluate for any association between patient demographics and comorbidities and the observed change in each polysomnographic parameter. Patients were assessed for surgical cure based on several polysomnographic parameters. Mean preoperative OAI was compared among the patient groups with a postoperative OAI of 1 or less vs more than 1 using the 2-sample t test with unequal variance (2 sided). Mean preoperative AHI was compared among the patient groups with a postoperative AHI of 1 or less, an AHI of 2 or less, an AHI of 5 or less, and an AHI greater than 5 using the 1-way analysis of variance test. The significance level for all hypothesis tests was set at .05.
Results
Of the 70 children, 31 (44%) were girls and 39 (56%) were boys. The racial composition of the sample was 45.7% white, 41.4% African American, and 12.9% other. Median age at surgery was 3.7 years, whereas the median follow-up period was 0.7 years.
Median interval between surgery and postoperative polysomnography was 5 months (range, 2-84 months). Patient comorbidities included reactive airway disease, asthma, gastroesophageal reflux disease, cardiac disease, neuromuscular disease, developmental delay, Down syndrome, craniofacial abnormalities, hematologic disorders, and obesity ( Table 1) .
There was a significant decrease in mean AHI, OAI, OAHI, arousal index, percentage of TST spent snoring, and oxygen desaturation index of 4% or higher on postoperative polysomnography. There was a significant increase in mean oxygen saturation and oxygen saturation nadir. We also noted a significant decrease in time with an ETCO 2 level greater than 55 mm Hg ( Table 2) .
Reactive airway disease or asthma, gastroesophageal reflux disease, cardiac disease, developmental delay, Down syndrome, and craniofacial abnormalities did not appear to independently affect the degree of change in postoperative polysomnographic sleep parameters compared with patients without these comorbidities. Race, preoperative obesity, hematologic disease, and neuromuscular disease were found to affect the degree of change in postoperative polysomnography. In particular, African American patients had less improvement in arousal index compared with whites and those of other races. African Americans and people of other races had greater improvements in mean oxygen saturation (P = .02) and oxygen saturation nadir (P < .001) compared with whites ( Table 3) . Patients with neuromuscular disease experienced less improvement in in maximum ETCO 2 level (P = .05) and time with an ETCO 2 level of 55 mm Hg or longer (P = .007) on postoperative polysomnography compared with patients without neuromuscular disease. Patients with hematologic disease similarly had significantly less improvement in mean oxygen saturation and oxygen desaturation index of 4% or higher on postoperative polysomnography compared with patients without hematologic disease. Preoperative obesity was associated with a greater improvement in postoperative mean oxygen saturation (P = .04) ( Table 4) . Sleep parameters not affected postoperatively by patient demographics or comorbidities included AHI, OAI, OAHI, mean ETCO 2 level, percentage of TST with an ETCO 2 level of 50 mm Hg or greater, and percentage of TST spent snoring.
Fifty patients (71%) achieved an OAI of 1 or less on postoperative polysomnography. Twenty-one patients (30%) achieved a postoperative AHI of 1 or less, 36 patients (51%) achieved a postoperative AHI of 2 or less, and 30 (43%) achieved an AHI greater than 1 but 5 or less, with an overall 51 (73%) achieving a postoperative AHI of 5 or less. In addition, 20 patients (29%) had a postoperative OAI greater than 1, and 19 patients (27%) had a postoperative AHI greater than 5. The mean 
Discussion
The purpose of this study was to assess the use of PITA as an effective technique for treating severe OSA in healthy patients and those with comorbidities. This study represents the largest cohort of patients with severe OSA (n = 70) and is the only study, to our knowledge, that includes patients with comorbidities who underwent PITA for OSA. Overall, our findings indicated improvement in multiple sleep parameters on postoperative polysomnography. Significant decreases in postoperative AHI, OAI, OAHI, arousal index, percentage of TST spent snoring, oxygen desaturation index of 4% or more, and time with an ETCO 2 level of 55 mm Hg or more were found, as well as significant increases in mean oxygen saturation and oxygen saturation nadir. Because of the variability in the definition of surgical cure in the literature, we assessed the percentage cured based on the following parameters: OAI of 1 or less, AHI of 1 or less, AHI of 2 or less, and AHI of 5 or less. The highest cure rate (73%) was encountered when cure was defined as an AHI of 5 or less. The lowest cure rate (30%) encountered with surgical cure was defined as an AHI of 1 or less. The cure rates after PITA in patients with severe OSA and various comorbidities in this study are comparable to the cure rates reported in the literature (31%-70%) for generally healthy patients with severe OSA undergoing adenotonsillectomy (various techniques). 6, 12, 17, 21 Preoperative OAI and AHI were not found to be predictors of surgical success after PITA, suggesting the degree of AHI greater than 10 may not significantly affect surgical treatment outcomes. Presence of reactive airway disease or asthma, gastroesophageal disease, cardiac disease, developmental delay, Down syndrome, and craniofacial abnormalities did not appear to independently affect the degree of change in postoperative polysomnographic sleep parameters compared with patients without these comorbidities. The differences observed between improvements in arousal index, mean oxygen saturation, oxygen saturation nadir, oxygen desaturation index of 4 or higher, maximum ETCO 2 level, and time with an ETCO 2 level longer than 55 minutes on postoperative polysomnography with various patient comorbidities (race, hematologic disease, obesity, and neuromuscular disease) suggest that aspects of the sleep profile may be affected by patient demographics and comorbidities.
Adenotonsillectomy is recommended as the first line of treatment for pediatric OSA in those children with adenotonsillar hypertrophy 2 polysomnographic outcomes after intracapsular tonsillectomy have small sample sizes and lack assessments of children with comorbidities. The current study found a mean (SD) postoperative AHI of 5.8 (9.7), which was improved from a mean (SD) preoperative value of 32.4 (28.4). The traditional and intracapsular tonsillectomy literature similarly supports the association between high preoperative AHI and persistent postoperative OSA. 12, 19, 22 For instance, Mitchell 7 found that persistent OSA, defined as an AHI of 5 or greater, was present in 12% with moderate preoperative OSA (AHI ≥10 but <20) and 36% of children with severe preoperative OSA (AHI ≥20). Ye et al 6 similarly defined persistent OSA and noted that 4.4% of children with preoperative moderate OSA (AHI ≥10 but <20) and 30.0% of children with preoperative severe OSA (AHI ≥20) had an AHI of 5 or higher after adenotonsillectomy. Reilly et al 12 defined resolution of OSA after intracapsular tonsillectomy as an AHI less than 1 and found that 56% of patients with preoperative severe OSA (AHI ≥10) had persistent mild OSA postoperatively. In a review by Thottam et al, 27 nonsyndromic children with severe OSA (AHI ≥10) undergoing adenotonsillectomy had a mean postoperative AHI of 3.6, improved from 24.5. Resolution of OSA defined by complete resolution of symptoms was achieved in 75% of these children, leaving 25% of children with persistent symptoms. This literature has reported a range of mean postoperative AHIs of 1.45 to 6.5 in children with preoperative severe OSA. 6, 7, 12, 27 The cause of persistent OSA is likely multifactorial with variability from patient to patient. However, most commonly, additional and/or multilevel sites of obstruction remain present in the upper airway, contributing to persistent OSA. Despite the strengths of this study-mainly large sample size and the assessment of various chronic comorbidities on treatment outcomes-there are some limitations. First, the assessment of PITA alone limited our ability to directly compare our results in this population with other tonsillectomy techniques. Second, follow-up polysomnography was typically performed at 2 months after surgery; however, this was not standardized because of the retrospective nature of the study. According to Friedman et al, 21 patients with a longer duration from time of surgery to postoperative polysomnography had higher success rates. Therefore, variation in the postoperative polysomnographic results based on duration from time of surgery is possible. Third, our sample size, although the largest in the literature for this patient population, remains small. A significant portion of children with severe OSA have persistent disease postoperatively, even when using the least strict criteria (postoperative AHI >5). Further research is needed to study even larger sample sizes of patients with severe OSA and comorbidities to elucidate their influence on persistent OSA.
Conclusions
PITA is an effective first-line surgical treatment for children with severe OSA and adenotonsillar hypertrophy. PITA improved OSA in our series of pediatric patients by reducing obstructive apneas and hypopneas, oxygen desaturation, arousal index, carbon dioxide level, and snoring and increasing oxygen saturation nadir. Results are comparable to those described for traditional electrocautery tonsillectomy and support the use of PITA for the treatment of severe OSA in children with adenotonsillar hypertrophy. Author Contributions: Dr Nardone had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. 
